ABSTRACT. Human skin barrier function is evaluated by measuring transepidermal water loss (TEWL). However, this conventional method has not been applied to assess canine skin barrier function because the equipment is not suitable for dogs due to the effects of air turbulence resulting from movement of the subject and vapor from the subject's hair coat. The TEWL analyzer CC-01 was developed as a closed-chamber method device; this means that instead of using the open-chamber method, it has a ventilated chamber that uses dry air. TEWL values measured by CC-01 show less variability than those measured by the conventional method. An ambient temperature of 20-26°C is optimal for measurement with the CC-01, and humidity affects the length of measurement but not the values. The CC-01 may be more reliable for measurement of TEWL than the conventional methods and may give new insights in the evaluation of skin barrier function in dogs. KEY WORDS: canine, skin barrier function, TEWL.
Mammalian skin is one of the most important organs because it works as a physiological barrier between the body and the environment. The epidermis consists of several cellular layers, including the corneal, granular, spinous, and basal layers. In humans, epidermal intercellular lipids, especially those in the lamellar structure of the corneal layer (lipid double layers), play a major role in skin barrier function. These intercellular lipids protect the body from irritants, such as allergens and dryness, and against water loss from the body surface [2] . A number of studies have been carried out on the etiology of atopic dermatitis (AD) from the standpoint of immunological abnormalities, but in recent years, the non-allergic aspects involved in the mechanism of canine AD have also been studied. One of these aspects regarding abnormality of the barrier function is thought to correlate with AD [3, 5] . In general, the stratum corneum of dogs is thinner than in humans, and this suggests a lower epidermal barrier function in dogs than in humans [9] . Although there have been very few quantitative studies on epidermal barrier function in dogs [6] , Mason reported that dog skin has fewer intercellular lipids compared with other types of mammalian skin [4] .
High transepidermal water loss (TEWL) is considered to correlate with low epidermal barrier function in humans [10] . Therefore, TEWL is widely used to evaluate the epidermal barrier function of humans. The most widely used method for measuring TEWL is the open-chamber method in which the measurement site is left open to the environment. Commercially available measuring equipment, such as the Evaporimeter EP-2 TM (Servo Med) and Tewameter 300 (Courage + Khazaka Electronic), are used for this measurement system [7] .
There are two major disadvantages to measuring the In their study, they clicker-trained the dogs to minimize their movement during measurement [8] .
The TEWL analyzer CC-01 (CC-01) is a closed-chamber method device with a ventilated chamber that uses dry air, instead of the conventional open-chamber method [1] to minimize the turbulence caused by movement of the subject. In this study, we investigated the usefulness of the CC-01 device for measurement of the TEWL of dog skin.
MATERIALS AND METHODS

Animals:
The TEWL values of nineteen beagles (11 males and 8 females, 1-5 years old) and two crossbred dogs (both females, 7 years old) were measured in this study.
Measuring devices: The CC-01 consists of a main measuring unit, a probe, and a personal computer unit (PC). Figure 1 shows the structure of the probes of the Tewameter 300 (T-300) and CC-01. The probe of the T-300 has two hygro sensors located close to each other in a perpendicular orientation above the skin surface, and TEWL is determined from the humidity gradient between these sensors [7] . On the other hand, a shutter opens when the probe of the CC-01 is pressed against a dog's skin, and dry air is forced onto the skin surface. This dry air picks up the moisture from above the skin surface, which is then detected by a crystal oscillator inside the chamber, and the frequency shift of the oscil-lator is displayed on the PC screen. Figure 2 shows a typical measurement performed using the CC-01. When the probe is brought into contact with canine skin, the moisture released by the hair is initially trapped in the air, and this results in a major frequency shift. Over time, this frequency shift gradually attenuates, eventually reaching a constant value. The ∆F at the point where this steady state is reached is substituted into equation 1 to calculate TEWL. 
Comparison of the T-300 with the CC-01:
The accuracies of measurement with the T-300 and CC-01 were compared by performing measurements on beagle skin (1-year-old male) in a room where the room temperature was regulated to 23°C with a relative humidity (RH) of 54-56%. The hair on 4 different anatomical sites, i.e., the lumbar back, shoulder, leg, and tail base, was clipped to 1 mm length and TEWL was measured using the T-300 or CC-01 at these sites 5 times. The mean values, variances, and standard deviations were calculated using the obtained data.
Effect of temperature: TEWL was measured on the lumber back skin of a crossbred dog (7-year-old female) after the hair was clipped to 1 mm length under ambient temperatures of 18°C, 20°C, 22°C, 24°C, 26°C, and 28°C, with 29-35% RH and 30 min of acclimation at each test temperature. Statistical analysis was conducted by repeated-measures ANOVA with Tukey's multiple comparisons performed for P-values <0.05.
Effect of RH:
The effects of RH on TEWL were evaluated on a crossbred dog (7-year-old female). The hair on the lumbar back was clipped to 1 mm length and measurements was performed in environments of 58% and 78% RH at 22-24°C, with 30 min of acclimation at each RH.
Measurement of TEWL at different anatomical sites: TEWL was evaluated at different body sites on 18 beagles (10 males, 8 females). Seven different anatomical sites, including the head, shoulder, lumbar back, leg, tail base, axilla, and lower abdomen were used to evaluate TEWL. Hair was not clipped on the axilla or lower abdomen before measurement, whereas hair was clipped to 1 mm length at the other 5 sites. Measurements were performed at 23-24°C and 54-60% RH. Means and standard deviations were calculated. Table 1 shows the TEWL at different anatomical sites of dogs measured by the CC-01 and the conventional method using the T-300. The mean TEWL was relatively low at 18-27 g/m 2 •hr at the lumbar back, leg, and tail base compared to that at other areas, and there was a subtle difference between the two devices. The TEWL at the shoulder was higher than that of other sites. The TEWL at the shoulder was 65.82 g/m 2 •hr when measured by T-300, and was 40.19 g/m 2 •hr when measured by the CC-01. The variance and standard deviation of TEWL measured by the T-300 were higher than those of the CC-01.
RESULTS
Comparison of TEWL measured by the T-300 and CC-01:
Effect of temperature: Table 2a shows the effect of temperature on TEWL. With the CC-01, there were no significant differences among the values measured at 20°C, 22°C, 24°C, and 26°C, but the values measured at 18°C and 28°C differed significantly.
Effect of RH:
The amount of moisture that was adsorbed by the hair coat increased at higher humidity levels. Therefore, at 78% RH, the initial frequency variance shown in Fig. 2 was higher and the overall measurement time was longer than at 58% RH. However, both curves were at the same level at time of reading of ∆F, indicating that there was no difference in the TEWL values at the two humidity levels. Table 2b shows the results of TEWL at different anatomical sites. The head and shoulder regions had the highest TEWLs, 35.5 ± 11.8 g/m 2 •hr and 32.0 ± 7.0 g/m 2 •hr, respectively. This was followed by the leg (28. 
Measurement of TEWL at different anatomical sites:
2
DISCUSSION
This study evaluated the usefulness of the newly developed CC-01 for measurement of TEWL in dogs. The aims of this study were 1) to determine whether the CC-01 is a more accurate device for measurement of TEWL in dogs compared to a conventional device, 2) to determine the appropriate ranges of temperature and RH at which to use this equipment to ensure accuracy, and 3) to find the optimal skin area to apply the CC-01.
Several factors, such as ambient temperature and humidity of the room, are considered to affect the results of measurement of TEWL [7] . The CC-01 was developed as a new device with a closed chamber. Moreover, dry air was used to reduce the effect of ambient humidity in the CC-01. Furthermore, the CC-01 was designed to produce more stable readings by using a crystal oscillator as the sensor, rather than two hygro sensors as are used in the conventional device [1] .
The difference in the TEWL values measured using the two devices was large at the shoulder. The reason for this difference may be that the humidity inside the chamber of the T-300 becomes quite high because of the effect of the hair. The variance and standard deviation of multiple measurements were larger with the T-300 than the CC-01. These findings indicate that measurement of TEWL by the CC-01 may be more reliable than measurement by the conventional T-300.
The environment may also affect measurement of TEWL. In particular, temperature and RH most strongly affect TEWL [7] . Therefore, we investigated the effect of temperature and RH on TEWL during measurement with the CC-01. There were no significant differences in measurements of TEWL at 20°C, 22°C, 24°C, and 26°C, but the values measured at 18°C and 28°C differed significantly. This result suggests that an ambient temperature of 20-26°C may be optimal for measurement using the CC-01. When the probe was applied to the skin, the ∆F was higher at 78% RH than at 58% RH. However, it gradually decreased after that and there was no difference at the reading point between the two RH levels. However, a longer measuring time (110 sec) was needed at 78% RH than at 58% RH (80 sec). Apparently, the RH of the environment affected the time required for measurement but did not affect the values. One of the advantages of the CC-01 is that there is no need to control RH, since RH must be strictly regulated in the conventional method of measuring TEWL.
Watson et al. [8] reported that dogs (Labrador Retrievers) required clicker-training prior to TEWL measurements on the lumbar back to minimize their movement during measurement. Clicker-training was not required in the present study, but such training would likely improve the accuracy of measurement.
We studied the difference in TEWL in different body areas. The head and shoulder areas had the highest TEWL, and this was followed by the leg and tail base. The lumbar back, axilla, and lower abdomen had even lower values. Interestingly, high TEWL body areas, which are also dense hair coat areas, did not correspond to sites with a predilection for atopic dermatitis; this is probably because the hair coat still plays an important role in canine skin barrier function. We also evaluated the differences in TEWL between males and females in this study and found that there were no statistically significant differences between males and females.
As described above, the newly developed CC-01device, which uses the closed-chamber method, produced measurement values with less variability compared to the conventional method based on the open chamber system. Only the temperature needs to be regulated when measuring TEWL using the CC-01. Measurements of TEWL using the CC-01 showed that TEWL differed depending on the body area.
This device may give new insights in the evaluation of skin barrier function in dogs.
